Abstract Different from a large number of existing studies in the literature, this paper addresses two important issues in managing production lines, the problems of line balancing and model sequencing, concurrently. A novel hybrid agentbased ant colony optimization-genetic algorithm approach is developed for the solution of mixed model parallel two-sided assembly line balancing and sequencing problem. The existing agent-based ant colony optimization algorithm is enhanced with the integration of a new genetic algorithm-based model sequencing mechanism. The algorithm provides ants the opportunity of selecting a random behavior among ten heuristics commonly used in the line balancing domain. A numerical example is given to illustrate the solution building procedure of the algorithm and the evolution of the chromosomes. The performance of the developed algorithm is also assessed through test problems and analysis of their solutions through a statistical test, namely paired sample t test. In accordance with the test results, it is statistically proven that the integrated genetic algorithm-based model sequencing engine helps agent-based ant colony optimization algorithm robustly find significantly better quality solutions.
Introduction
Assembly line is a flow-line production system and is usually composed of a set of sequentially linked workstations in which a set of tasks is performed by operators [1] . Since the first assembly line was utilized by Henry Ford and his colleagues in 1913, the design and implementation of assembly lines have been critical issues for practitioners and academics [2] .
Assembly line balancing problem is determining the optimal partitioning of tasks to the workstations by satisfying certain constraints (i.e., capacity constraint, precedence relationship constraint) [3] . Additional constraints may also arise depending on the line configuration, model variation, assumptions used etc.
With an increasingly consumer-centric global market, single model lines, where only one model is produced on the line, come up short in satisfying growing trend for highly customized product variability. In this context, mixed model production lines have become popular as a result of companies' highmix/low-volume manufacturing strategies. Thus, manufacturers can produce different models of a base product on a mixed model assembly line (which was introduced by Thomopoulos [4] ) instead of constructing and maintaining a new line for each model [5] .
Mainly two types of problems arise for mixed model assembly lines: line balancing problem and model sequencing problem. While the decision of which task will be performed in which workstation is made in the line balancing problem, the model sequencing problem determines the production sequence of different product models assembled on the same line. These two problems are tightly interrelated to each other and must be handled together to obtain a successfully implemented mixed model assembly line. This is particularly important if more than one mixed model line, which is constructed in parallel to each other, is balanced together. Kucukkoc and Zhang [6] illustratively showed the dependency of line balancing problem on model sequencing problem (and vice versa Based on the operation side utilization of the lines, assembly lines could be classified into two groups: (i) onesided assembly lines and (ii) two-sided assembly lines [23] . Two-sided assembly lines-introduced by Bartholdi [24] -are chiefly used in the production of large-sized products and are more practical for large-sized products (e.g., buses and trucks) than for small ones (e.g., electrical drills). Workers at each pair of opposite stations work in parallel on different tasks but on the same individual item. Two-sided lines differ from one-sided lines by means of necessity to perform some tasks on a specific side (left-L or right-R) of the line, and some can be performed on any of the sides (either-E) [25] .
Various solution techniques were proposed ever since the parallel assembly line balancing problem Zhang and Kucukkoc [21] defined the mixed model parallel two-sided assembly line balancing problem, which is composed of complex characteristics of different line configurations: mixed model lines, parallel lines, and two-sided lines. Kucukkoc and Zhang [35] developed an agent-based ACO approach for the general solution of the problem, which is independent from the launched model sequence. Kucukkoc and Zhang [6] improved it by taking the model sequencing problem into consideration along with the line balancing problem and introduced the mixed model parallel two-sided assembly line balancing and sequencing (MPTALB/S) problem. Framework of a possible solution approach, agent-based ant colony optimization algorithm (called ABACO/S), was also reported by Kucukkoc and Zhang [6] with no experimental results.
Another research was carried out by Kucukkoc and Zhang [36] (i) to mathematically model the MPTALB/S problem, (ii) to test the performance of the previously proposed ABACO/S algorithm, and (iii) to comparatively show the significance of solving line balancing and model sequencing problems together. In their research, an agent deploys ant colonies to build balancing solutions for appointed model sequences. The user is allowed to choose between two different schemes provided for the determination of model sequences: (i) combinatorial sequencing and (ii) random sequencing. If combinatorial sequencing is chosen, the algorithm generates all possible model sequences for assembly lines and tries all model sequence combinations one by one. If the second option is chosen by the user, the algorithm tries a user-defined number of random model sequences. While the former option increases the possibility of obtaining a well-balanced solution, the latter one returns solutions faster than the other. Therefore, a model-sequencing mechanism is needed to be able to obtain robust solutions with less effort. With this motivation, a GA-based model sequencing procedure is integrated to the ABACO/S, and a new hybrid agent-based ant colony optimization-genetic algorithm (ABACO/S-GA) approach is proposed for the solution of MPTALB/S problem in the current work.
Several real-world characteristics of manufacturing systems could be of interest for assembly lines to have more realistic as well as sustainable designs [37] . However, due to the sophisticated nature of the studied problem in this research, some assumptions have been made to keep its complexity at a minimum level and make it
